From the Midwifery Department, University of Aberdeen (REcEnm FOR PUBUCATION SEPTEMBER 3, 1954) In a previous paper (Walker and Turnbull, 1953) we have demonstrated the haemoglobm levels and red cell count in the cord blood of the human foetus throughout pregnancy.
From the 10th week to the 24th week the red cell count doubles (from 1,500,000 to 3,000,000), but the haemoglobin rises only from 9 to 15 g. After the 24th week, the red cell count continues to rise till at 40 weeks, in the well oxygenated foetus, it is just under 4,000,000 per c.mm., but the haemoglobin level is unchanged at 15 g. These findings suggest that throughout pregnancy the red cells must be becoming progressively smaller. If at 40 weeks extra red cells have been produced under the stimulus of anoxia, the haemoglobin level may be 20 g. and the red cell count 5,000,000, the haemoglobin rising by 30%, but the red cell count by only 25 % over the levels found at 40 weeks in the well oxygenated foetus (15 g. and 4,000,000). These unequal rises in haemoglobin and red cells under conditions of anoxia suggested therefore that the extra cells produced are somewhat larger or contain more haemoglobin than those normally present in the blood at that time.
Very little information is, however, available from other authors with regard to the characteristics of the red cells in the human foetus during pregnancy. Wintrobe and Shumacker (1935, 1936 ) studied 12 foetuses, obtained at hysterectomy, and three premature infants, all live born, at intervals from the 76th to the 252nd day of pregnancy. Their findings suggest that the packed cell volume increases gradually as pregnancy advances and that the red cell size and the number of immature red cells steadily diminish.
Many investigators have, however, studied the red cells in the cord blood of the infant at birth (presumably at or near full-term) and some of the results are shown in (1952) normal adult levels and that there is a high reticulocyte count, suggesting that the cells are larger than adult cells, and that there are still a number of immature cells in the blood.
In this paper the behaviour of the red cells is studied throughout pregnancy, with reference to the packed cell volume, the reticulocyte count, the mean cell diameters (which have been measured) and the calculated absolute values of red cell characteristics (mean cell haemoglobin, mean cell volume, mean cell haemoglobin concentration). We have also studied the features of the extra cells produced in response to anoxia. As in our previous paper the samples were taken at birth from the cord vessels of live-born foetuses and infants in the Aberdeen Maternity Hospital. The Cell Size. At the 10th to 11th weeks the cells vary from 6 to 17-5 but 90% are at kast 9 in diameter (Fig. 8) During intra-uterine life red cell production is influenced mainly by the normal process of growth and maturation but a fall in the oxygen supply to the foetus will stimulate the production of extra cells. group.bmj.com on April 16, 2017 -Published by http://adc.bmj.com/ Downloaded from the cord blood is an index of the efficiency of the oxygen supply. When the oxygen supply is good the haemoglobin level remains at 14 8 to 15 g. but the red cell count as a normal 'growth' process rises steadily to reach about 4,000,000 at 40 weeks. When the oxygen supply is less good the haemoglobin may be 20 g. and the red cell count 5,000,000.
We have shown earlier in this paper that except for the packed cell volume, the findings in the blood of infants in the later weeks from cases of preeclampsia, or foetal distress, or where abortion had threatened earlier, cannot be shown to be different from the findings in clinically normal pregnancies.
In our first paper we demonstrated that such clinical groupings were useful to distinguish infants likely to have suffered intra-uterine anoxia. Such a clinical grouping is, however, of limited value in the present study since in both abnormal and apparently normal cases a deficiency of oxygen is indicated by a high haemoglobin level and red cell count. The haemoglobin level in the cord blood of the foetus is, therefore, a clearer indication of efficiency of oxygen supply, in the individual case, than the clinical features of the pregnancy.
By using the haemoglobin level as an index of oxygen supply it is possible to distinguish the normal growth and maturation changes in the later weeks from the superimposed changes due to anoxia.
TIhe Packed Cell Vohlme. Table 4 shows the relation between the haemoglobin level, the red cell count, the packed cell volume and the absolute characteristics of the red cells. It will be seen that there is a close correlation between the haemoglobin level, red cell count and packed cell volume. Where the oxygen supply to the foetus is good and the haemoglobin remains below 16 g. the packed cell volume is 46-5 (±0 7), which is within normal adult levels, although this is achieved by a smaller number of somewhat larger cells than in the adult. When, however, the haemoglobin level is raised in response to anoxia the red cell count and packed cell volume rise. It will be seen from Fig. I that in some cases in the 39th to 41st weeks the packed cell volume is no higher than in others at the 22nd to 24th weeks. In such cases the increase in the red cell count (to 4,000,000) has been achieved by the addition of very many small cells and a marked fall in the number of cells over 9 z in size, the haemoglobin remaining at 14 8 g. In such bloods the mean cell volume at 40 weeks is at or about 100 c.tL (Fig. 3) .
The Mean Cel Volume. The findings in Fig. 3 suggest 
Suxmmary
The red cells in the cord blood of the human foetus have been studied from the 10th to the 43rd weeks of pregnancy. The packed cell volume, the mean cell diameter and the reticulocyte count have been measured and the absolute values of the red cell characteristics calculated.
As pregnancy progresses the red cells as a whole become more mature. The Price-Jones curve shifts to the left, the base narrows and the peak becomes higher.
Three groups of cells have been studied in detail; 9 za and over, 8 and 8 5~,7-5 Z and under. It is shown that as pregnancy progresses the number of cells less than 9 i± in size in each unit volume of blood gradually increases, while the numbers which are 9 z and over remain nearly unchanged. There is, however, in the later weeks a wide variation in the number of large and small cells in the blood of different infants.
Deficiency of oxygen supply to the foetus in the later weeks of pregnancy alters the red cell pattern from that seen under normal conditions of growth and maturation. Variation in the oxygen supply in utero of the individual foetuses is responsible for the scatter in readings of packed cell volume and mean cell volume in the cord blood at birth and possibly for much of the variations in number and proportion of cells of various sizes.
We are greatly indebted to Dr. F. H. C. Marriott for all statistical analyses reported in this paper.
